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(54) Conversion of waste material using earth worms 



(57) Biodegradable waste material is converted by 
worms into a utilisable end product. A bed of wood chips 
and grit hosts the worms and waste material is depos- 
ited on the bed. The temperature, humidity and amount 
of air in the bed is controlled, as is also the amount of 



waste deposited. Worm castings are removed from the 
bottom of the bed by actuation of a retrieval mechanism. 
In an automated system a hopper (26) runs on a track 
(28) to traverse the bed and deposit waste material. A 
conveyor (30) removes the castings. 
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Description 

This invention relates to methods of and apparatus 
for the conversion of biodegradable waste materials into 
a utilisable end product. More particularly, this invention 5 
relates to a method of and apparatus using worms to 
convert biodegradable waste into useful agricultural or 
horticultural material for example. 

Previous methods used to convert organic waste in- 
to compost have been restricted by the slow process in 
which the organic material decomposes using natural 
processes. Previous methods have also suffered from 
disadvantages in terms of the volume of material which 
they can process. 

It is an object of the present invention to convert any 
reasonable type of organic material (i.e. biodegradable 
material) into useable compost using a large scale proc- 
ess. The present process depends on worms digesting 
the organic material with the resultant worm castings be- 
ing a useable organic material. The method involves 
spreading, either manually or automatically, the organic 
waste material on top of a bed and then allowing worms 
to inhabit this layer. The worm castings can later be re- 
moved by a variety of methods. 

In accordance with the invention there is provided 
a method of converting biodegradable waste material 
into a utilisable end product, which comprises establish- 
ing a bed of material conducive to sustaining worms, 
adding worms to the bed, depositing waste material on 
top of the bed, establishing and maintaining a controlled 
environment for the worms, and removing worm cast- 
ings from the bottom of the bed. 

Also in accordance with the invention there is pro- 
vided apparatus for converting biodegradable waste 
material into a utilisable end product, which comprises 
support means for a bed of material conducive to sus- 
taining worms, means for establishing and maintaining 
a controlled environment for worms in said bed, and 
means for the controlled retrieval of worm castings from 
the bottom of the bed. 

An embodiment of the invention will now be de- 
scribed by way of example and with reference to the 
drawings, in which: 

Figure 1 is a diagram of a housing suitable for the 
carrying out of the process; 
Figure 2 shows the ability of the roof and sides of 
the housing to open out; 

Figure 3 shows a block configuration capable of be- 
ing used as the floor for the bed in the housing; 
Figure 4 shows an alternative construction for the 
floor of the bed; 

Figure 5 shows a further alternative construction for 
the floor of the bed; and, 

Figure 6 shows an apparatus suitable for use in the 
treatment of sewage sludge and like matter. 

Figures 1 and 2 show a housing within which the 



apparatus for carrying out the treatment process is lo- 
cated, as will be described below. The housing shown 
in Figure 1 can be of any suitable size and is constructed 
basically from an insulating material such as polysty- 
rene panels. These polystyrene panels have a preferred 
thickness of 50 mm and have aluminium and steel fac- 
ings. Within the housing one can create an ideal con- 
trolled environment for worms to function in and breed 
in. The interior can be controlled in terms of temperature 
and humidity. Figure 2 shows that roof panels 10 and 
side panels 1 2 of the housing can be opened for access 
and/or ventilation. 

Within the housing is located a "bed - for worms 
which digest the waste material and produce castings, 
i.e. the utilisable end product. The bed comprises a sup- 
port, for example a grid or mesh structure, upon which 
the material which the worms are to inhabit is deposited. 

The waste material which the worms digest can be 
any type of organic material which is biodegradable. 
Such suitable material can include any of the following: 
human sewage, animal sewage, waste food, by-prod- 
ucts from the food industry, paper including newspaper, 
card or any other suitable type of refuse. In the case of 
"dry" waste material, prior to adding this to the decom- 
posing bed, the material is comminuted into small par- 
ticles to form a fine powder. This helps to accelerate the 
process of the worm digestion. Any suitable type of ma- 
chinery can be used for this process. The powder dis- 
tributor can be pushed manually along the length of the 
support or can traverse in an automated or semi-auto- 
mated manner. This fine powder can then, for example, 
be bbwn through one of the openings illustrated in Fig- 
ure 2, across and on to the bed. To aid the process, its 
is advantageous to dampen this powder, preferably after 
it has been deposited. A misting system, including spray 
nozzles, can be provided for this purpose. For sewage, 
or other "wet" matter, comminution is not necessary and 
it can be deposited on the bed from a hopper. It is pref- 
erable that this wet matter should contain not more than 
about 8% of solid material for ease of flow. 

Prior to the addition of the worms and the organic 
waste material a layer of "bedding" must be provided on 
the support structure. This bottom layer can be formed 
from a mixture of wood chips and grit. Addition of the 
grit is necessary for the digestion process of the worms. 
As the worms live in the top 20 to 25 cm of any bed, at 
least this depth of material must be obtained before any 
of the castings can be removed. Extra organic waste 
material can be added to the top at any required time, 
along with any extra required wood chips and grit. 

An optimum temperature for the worms to work in 
and for the decomposition of the organic material is 14 
to 18°C, although any temperature within the range of 
12 to 25°C is acceptable. The relative humidity for the 
process is within the range of 60 to 90%, preferably 
about 80%. This controlled environment is created and 
maintained by heaters, ventilators, spraying, etc. 

One suitable grid configuration used as the support 
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floor for the bedding is shown in Figure 3. In this example 
the grid is formed from upper and lower rows of elongate 
struts 14 and 16 respectively. A suitable cross-section 
dimension for each strut is 40 mm x 40 mm. By move- 
ment of the upper row of struts 1 4 relative to the lower 
row 16, the worm castings and hence compost material 
is enabled to drop through the support floor when re- 
quired. A significant reduction of the initial organic waste 
material can be obtained, with up to 75 to 90% reduction 
in weight and volume of the organic material being pos- 
sible. In other words, 100 tons of waste can be convert- 
ed to 25 tons of castings. In operation, air is blown up 
through the grid 1 4, 16 which helps to keep the bedding 
medium loose and accelerates the decomposition proc- 
ess. The air is recycled and can be cooled, heated, fil- 
tered etc., to assist in maintaining the controlled envi- 
ronment for the worms. 

Figure 4 shows a different type of support for the 
worm bed. Here one has a bottom row of cylindrical 
struts 22 and square cross-section struts 1 8 in the upper 
row. Rotation of the upper struts 18 will help to drag the 
required compost material down through the grid. This 
can be aided by adding small abutments 20 to the cor- 
ners of the* square cross-section struts 18. By rotating 
the struts 18 relative to the static cylindrical struts 22 
one also helps to reduce the occurrence of any blockage 
within the system. The upward passage of air is also 
facilitated. 

Figure 5 shows a further support structure for the 
bed. Here one has a single row of spaced square or rec- 
tangular cross-section bars 23. Each bar 23 is provided 
with a blade 24 projecting from an upper margin of the 
bar. Each blade 24 projects upwards at an angle of 
about 20° to the horizontal. This embodiment of support 
is particularly suited for use with very fine waste material 
or bed material which would tend to fall through between 
the struts of Figs. 3 and 4. The bars 23 are horizontally 
displaceable by of the order of 2 to 4 cm and when un- 
dergoing that movement the blades cut into the castings 
which then drop down between the bars in a controlled 
manner. Normally, the blades provide support for the 
bed above. Other blade configurations could be used, 
and indeed not every blade need be displaceable: every 
other blade could be displaceable. 

In Figure 6 there is shown an automated version of 
the apparatus which is particularly suitable for sewage. 
Organic material can be added into the opening at the 
top 25 by opening the hinged lid of a process hopper 26. 
Within the hopper is an agitator operated by a motor. 
The hopper 26 has wheels which run on a track 28 to 
allow the hopper to traverse the support and deposit the 
waste over the support in precise amounts at set tim- 
ings. The organic waste material is added to the top of 
the bedding. As opposed to the method of spreading the 
material manually, this mechanism can be used for 
slightly wetter material. This system can also be fully au- 
tomated using a computer control system. A takeaway 
conveyor belt 30 is provided below the support to re- 
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move the worm castings. 

A variety of types of worm can be used for the di- 
gestion of the organic material. However, the best has 
been found to be the dendrobaena octaedra, or alterna- 
tively dendrobaena veneta. Other suitable types include 
the eisena major and eisena minor and the den- 
drodelius. If any of the worms are found to die or not to 
reproduce, replacements can be added at any time. 

The worms prefer to be in a neutral environment, 
although the process can be carried out from within a 
pH of 3 to 10. To obtain the optimum neutral environ- 
ment, an acidic or alkaline solution can be added to the 
organic material to adjust the pH accordingly. To main- 
tain the preferred humidity of about 80% an overhead 
misting mechanism (not shown) can be provided to cut 
in automatically if the humidity drops below a preset lev- 
el. 

Anything from 2000 to 10,000 worms can be used 
per square metre, with the resultant "bed" containing 
around 60% volume of worms and 40% volume of or- 
ganic matter. 



Claims 



A method of converting biodegradable waste mate- 
rial into a utilisable end product, which comprises 
establishing a bed of material conducive to sustain- 
ing worms, adding worms to the bed, depositing 
waste material on top of the bed, establishing and 
maintaining a controlled environment for the 
worms, and removing worm castings from the bot- 
tom of the bed. 

A method as claimed in claim 1 , characterised in 
that the retrieval of worm castings comprises dis- 
placement of support means below the bed. 

A method as claimed in claim 1 or 2, characterised 
by a cutting of the worm castings from the bottom 
of the bed. 

A method as claimed in any preceding claim, char- 
acterised by passing air through the bed. 

A method as claimed in any preceding claim, char- 
acterised in that the maintenance of the controlled 
environment includes control of the temperature, 
the moisture, the pH and the amount of air within 
the bed. 

Apparatus for converting biodegradable waste ma- 
terial into a utilisable end product, which comprises 
support means (14, 1 6; 18, 22; 23) for a bed of ma- 
terial conducive to sustaining worms, means for es- 
tablishing and maintaining a controlled environment 
for worms in said bed, and means for the controlled 
retrieval of worm castings from the bottom of the 
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bed. 

7. Apparatus as ctaimed in claim 6, characterised in 
that the retrieval of worm castings is effected by 
causing castings to pass down through the support 5 
means for collection below. 

8. Apparatus as claimed in claim 6 or 7, characterised 
in that the support means comprise a grid, elements 

of which are displaceable to cause the passage of w 
castings down through the grid. 

9. Apparatus as claimed in claim 8, characterised in 
that the grid comprises upper and lower rows of rel- 
atively movable spaced parallel bars (14, 16; 18, ^ 
22). 

10. Apparatus as claimed in claim 8, characterised in 
that the grid comprises a first lower row of static 
spaced parallel bars (22), and a second upper row 20 
of spaced parallel bars (18) each rotatable about 
their respective longitudinal axes. 

11. Apparatus as claimed in claim 8, characterised in 
that the grid comprises a row of spaced parallel bars 2s 
(23) with means (24) overlying the spaces therebe- 
tween adapted by a displacement movement to cut 
castings from the bottom of the bed. 

12. Apparatus as claimed in any of claims 6 to 11 , char- 30 
acterised by means to control the temperature, the 
moisture and the amount of air within the bed. 
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